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I. Introduction
During the 1990s and early 2000s, technology-related payments and receipts -e.g., licence fees and patent royalties -increased sharply in OECD countries. In 2005, the average value of imports and exports of technology equalled about 0.55 percent of GDP. This is, compared to the value of trade in goods and services of about 25 percent of GDP in 2005, a small, but still significant amount, representing a value of circa $190 billion. This exchange of technology should make all participants better off since standard arguments as in the case of trade in goods and services are at work: division of labour and specialisation of production foster growth and efficiency. Beyond standard gains from trade arguments, however, trade in technology has a significant additional effect on welfare. The public-good character of innovations allows multiple users to combine research and development (R&D) efforts and to employ the same innovation. Consequently, trade in technology enables producers to draw the best innovation from a larger pool of inventions. This, in turn, shifts the production possibility frontier of all participants outwards and increases per capita income (Spulber, 2008) . This argument also applies to technology transfer within countries. A thriving exchange of technology within a country should increase per capita income and productivity.
Historical studies of within-country technology transfer and studies of patent transfers within countries mainly use U.S. data. Sokoloff (1993, 2004) , Khan (1995) as well as Sokoloff (1999, 2001) show that a patent market already existed in the U.S. during the mid-19 th century. In particular, Sokoloff (1999, 2001 ) illustrate that one-third of U.S. patents were fully or partially assigned after issue, i.e., transferred, by the inventor. 1 During the 1870s, inventors commercialised their ideas themselves, but at the same time often granted geographically bounded licenses to producers in distant regions. At the turn of the century, innovation and commercialisation were increasingly separated activities and specialised inventors sold or licensed their patents to firms (see, e.g., Lamoreaux and Sokoloff, 2000 , for a case study of the American glass industry). This development cumulated in the outsourcing of some research tasks and the close collaboration between in-house researchers of manufacturing firms and specialised free-standing research laboratories (Mowery, 1983) . The complementarity of outside inventions and in-house research and the transfer of technology over larger geographic distances was also highlighted by Nicholas (2009) .
Our paper offers new evidence of technology transfer outside the United States by analyzing the patent transfer register of Germany's Imperial Patent Office (see Section III). We show that many patents were transferred in Germany between the enactment of the first national patent law in 1877 and the Great War. In addition, transfer activity grew over time, in absolute numbers as well as in relation to the number of patents in force. Dominant actors were firms: about two-thirds of all patents transferred were transferred to firms. In contrast, only about one-third of transferred patents originated in firms. Moreover, firms were quite good in 1 Over the course of the 20th century, the relative size of the U.S. patent market shrank and only one in seven patents issued after 1982 was assigned (Serrano, forthcoming) .
screening successful patents and received -on average -patents with a high quality. About two-thirds of all transfers were arranged within the first three years after the issue of a patent, giving potentially a long period of monopoly protection to the acquirer. Moreover, we show that only a small fraction of the transfers were of administrative nature. If, for example, a firm changed its legal form, all patents of the firm were transferred from the old to the new legal entity. Yet, about 85 percent of all transfers potentially were related to market activity, i.e., selling and buying of technology.
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Germany is a particularly promising area of research for several reasons (see Section II for details). First of all, professional R&D management by corporations emerged at about the same time in Germany as in the U.S. and much earlier than in most other countries. This is reflected, for example, in the foundation of corporate R&D laboratories in the German chemical and pharmaceutical industry during the 1870s and 1880s (Wimmer, 1994; Murmann, 2006) . 3 Second, the German patent law enacted in 1877 most likely fostered the development of a market for technology. German patents represented secure property rights, since the patent office thoroughly evaluated the innovativeness of the patent. 4 Moreover, patent infringements were mostly settled between the publication of a patent application and the issue of the patent . Furthermore, a patent had to be put into use within three years after issue, setting a strong incentive for small inventors to transfer their patent to a firm. In addition, comparatively high patent fees were an incentive for small inventors to transfer their patents. Finally, patents were issued to the person registering the patent at the patent office. Consequently, inventions made by employed inventors were registered by the firms employing them and not by the employees (Burhop and Lübbers, 2008) .
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Our research potentially offers a microeconomic foundation for knowledge spillovers highlighted in the recent literature. In Germany, inter-industry knowledge spillovers between technologically, economically, and geographically related industries were a major source for 2 So far, only scattered evidence from archival sources shows that a market for patents existed at the turn of the 20th century in Germany. For example, on 1 August 1908, the Darmstadt-based pharmaceutical firm E. Merck and Dr. M.K. Hoffmann, a chemist from Leipzig, sealed a contract regulating the transfer of patent-number 185,600. After signing the contract, Merck paid a fixed amount of 500 Marks to Hoffmann. Moreover, after successful clinical trials and in case of a successful market launch, the inventor would receive another 500 and 400 Marks, respectively, as well as a profit share of 20 percent. Merck Record Office, R 1 / 42. ), Wimmer (1994 , and König (2007) contain a number of similar case studies from the pharmaceutical, chemical, and electrical engineering industries. 3
Research laboratories were also established in the U.S. chemical and pharmaceutical industry at the same time, whereas the British chemical and pharmaceutical industries lagged behind. See Church / Tansey (2007) for Britain and Houshell / Smith (1988) and Swann (1988) for the United States. In the electrical engineering industry, centralized R&D facilities were set-up during the inter-war period, but decentralized research was conducted during the pre-1913 period in the U.S. and Germany (see Erker, 1990 ). 4
The security of property rights was also a major pre-condition for the emergence of the American patent market, see Khan (1995) on this point. 5
Thus, the German patent transfer data do not include the transfer of patents within firms and potentially give a much more precise picture of technology market transactions than U.S. data. Khan (2005, chapter 2) reviews the patent systems of the U.S. and the main European countries. In the U.S., a stringent technical examination of the patent and the issue of the patent to the true inventor was the norm. There were no patent fees in the United States. Britain, on the other hand, did not implement a technical examination of patents and raised patent fees. The fees for the maximum length of protection were 154 Pounds (about 3,100 Marks), substantially less than in Germany.
further innovative activity during the German industrialisation (Streb et al., 2006) . In addition, the existence of knowledge spillovers between the textile and the dyestuff industry has been shown: innovations in one branch Granger-caused output and innovations in the other branch . Furthermore, a positive impact of intra-and inter-industry knowledge externalities for the innovative activity of firms located in Baden, a small state in south-west Germany, has been detected . In summary, the evaluation of patent data using time-series and spatial econometric methods reveals a significant impact of knowledge spillovers on economic growth and innovation in Germany at the turn of the 20 th century. Yet, these findings do not reveal how technology spilled over from one agent to another. The transfer of patents could be one channel.
The current study also relates to Serrano's (forthcoming) work, who investigates the modern U.S. patent market from a theoretical and empirical perspective. He assumes that patents are transferred to agents possessing better complementary assets to exploit the patent than the current patent owner. A main prediction of the model is a negative relationship between the age of a patent and its trading probability. In addition, a patent transfer is considered to be a reliable signalling device indicating the value of a patent. Consequently, a transferred patent was screened by the new owner and should thus have a higher quality than the average patent. It turns out, that our historical data support the major assumption and some results of Serrano's model.
II. Historical and institutional background
Germany's rise to one of the leading industrial economies during the second half of the 19 th century is often ascribed to its ability to innovate. Indeed, the growth of total factor productivity (TFP) accounts for about one-quarter of the output growth in German industry between 1851 and 1913. Moreover, TFP growth in the industrial sector accelerated substantially during the 1890s and the structure of the economy changed such that industries with higher productivity growth increased their employment share (Burhop / Wolff, 2005) . In particular, the success of Germany's chemical and electrical engineering industries was connected to the inventions made. In turn, the inventive activity of the modern sector was fostered by the highquality of Germany's system of higher education, the substantial governmental support for science, and the emergence of industrial research laboratories (Landes, 1999: 290-291; Cameron / Neal, 2003: 242-243) . The increasing innovative capacity of the German economy is, for example, reflected in the rising number of patents granted as well as in the rising number of economically valuable, long-living patents granted (see Figure 1) . 6 The total number of patents granted per year varied between 4,000 and 5,000 during 1877-1890. Thereafter, the number of patents granted per year increased to about 10,000. After 1906, the number of patents granted per year varied at around 13,000. The share of long-living patents in total patents granted varied between six and eight percent until 1886. Thereafter, their fraction was about eight to ten percent until 1904. Subsequently, their share increased to more than ten percent. 7 In summary, the number of patents as well as the average quality of patents increased over time.
Thus, the number of patents available for transfers increased over time. Yet, essential for the emergence of a market for technology are secure property rights. 8 The security of intellectual property rights was relatively high in Germany from 1877 onwards. First of all, each patent application was assessed by the patent office regarding novelty, potential conflicts with existing patents, and technical feasibility. In a next step, the patent application was published and 6 During the early 2000s, Jörg Baten and Jochen Streb collected data about all patents issued in Germany between 1877 and 1913 and in force for at least ten years. They label the latter as 'valuable patents' since the owner of such a patent has already paid 2,300 Mark as patent fees to keep the patent in force. 7
This development is most likely due to the exemption of patent fees during the First World War as well as to the substantial decline of real patent fess during the German hyperinflation of the early 1920s, which makes the identification of valuable patents on the basis of a patents' lifetime much more complicated (Streb / Baten, 2007: 256-258 ). 8 Khan and Sokoloff (1993) and Khan (1995) highlight this point for the emergence of a patent market in the United States during the first half of the 19th century.
an appeal against the patent could be made during a period of six weeks. Only if no convincing appeal was made, the patent was finally granted (Seckelmann, 2006: 257-260) . Between 1877 and 1913, the total number of patent applications was 765,653. Most applications did not pass the technical examination by the patent office and only 304,057 applications were published. 11,701 published applications were appealed and not granted. Of the patents granted, only 877 were repealed by the patent office later on. Moreover, between 1902 and 1913, only 359 cases of patent infringements were put to trial. In about half of those cases, the patentee won the case. Comparing the number of patents repealed or the number of patent infringements with the number of patents granted shows that patents were indeed a very secure property right (see Lübbers, 2009, for details) . Consequently, a large number of secure intellectual property rights were available for transfers.
Furthermore, the German patent law stimulated the transfer of patents, since the law stipulated the application of a patent within three years after issue. If the patent was not put into use by the patentee, the patent office could annul the patent. Moreover, the patentee had to pay an annual fee to keep the patent active. This fee was 50 Mark for the first year and 50 Mark for the second year of protection, but thereafter the fee increased substantially by 50 Mark per year up to the maximum annual fee of 700 Mark for the 15 th and final year of protection.
Thus, the cumulated fee over the maximum period of patent protection of 15 years was 5,300 Mark, about 6.5 times the annual per capita income in 1913.
III. Data sources and descriptive statistics
Patent transfer data were published annually by Germany's Imperial Patent Office for the years 1884-1887 and 1889-1913. 9 We manually collected transfer data using the annual "Verzeichnis der vom Kaiserlichen Patentamt im Jahre […] erteilten und noch in Wirkung stehenden Patente". This annual informs about the transfer of a patent and includes information about the patent number, the technology class, and the name and place of residence of the new patent holder. We utilized the patent number to determine the year of issue of the patent andbut only for a random sub-sample of 4,025 of the transferred patents -the name and place of residence of the original patent holder. Moreover, we employed the patent number to determine the total lifetime of the patent. This task was fulfilled using the annual register of valid patents. We screened the annual patent yearbook only until 1913, since patent fees were lifted during World War I and the real patent fees were very low during the hyperinflation of the early 1920. Thus, patent renewal costs were close to zero after 1913 and patent renewal data lose much of their information about patent value.
While the data contain a lot of information, four potential shortcomings should be kept in mind. First, the annual register of patent transfers did not contain all transferred patents, but only those for which the change in ownership occurred some time after issue. More specifically, a patent transfer sealed between issue of the patent and the publication of the next patent yearbook by the patent office was not listed in the transfer register. For example, a patent issued on 1 July 1900 and transferred before the publication of the next patent yearbook -in March 1901 -would not be included into the register of transferred patents. Consequently, transfers at issue, which were important in the U.S., are not covered by our data. Yet, inventions of employed inventors, which account for a large part of transfers at issue in the U.S., were registered by the firms employing the inventor in Germany. Thus, transfers at issue should be less relevant in Germany.
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The second drawback of our data set is the fact that not all transfers registered by the patent office were transfers caused by economic motives: patents were regularly transferred if a change in the legal form of the patent holder occurred. For example, the German electrical engineering firm Siemens changed the legal form twice -first from a general partnership (Offene Handelsgesellschaft or OHG) to a limited partnership (Kommanditgesellschaft or KG) and then to a joint-stock company (Aktiengesellschaft or AG) -and each time all patents were transferred to the new firm. Such patent transfers are, however, not caused by an economic motive related to the patent itself. Consequently, we coded it as a transfer due to change in the legal form of enterprise. Furthermore, transfers from an individual to another individual as an inheritance were registered by the patent office. Such transfers are not related to market transactions of patents and are coded as an inheritance.
Third, we have to address a standard issue in empirical investigations of patents, namely the question about the economic value of patents. In an ideal world, we would like to know the patent-specific social and private returns of a patent. However, this information is generally unavailable. Standard proxies for the value of patents are the number of years a patent is in force, the patent fees paid, and the number of citations received (Griliches, 1990; Grupp et al, 2002; Metz / Watteler, 2002 German patents. The design of patent fees implies that the costs of keeping a patent in force for a fixed number of years after a transfer depends on the number of years the patent was in force before the transfer. If, for example, a patent was kept in force for a period of five years after the transfer, the cumulated fee for a patent transferred three years after issue was 1,250 Marks, whereas the cumulated fee was 1,750 Mark if the patent was transferred five years after issue. This suggests that the cumulated fee paid after the transfer is the better proxy of the lower bound of the option value of transferred patents. 10 Lamoreaux / Sokoloff (1999: 26) present data for U.S. patent transfers for patents granted in 1870/71, 1890/91, and 1910/11. 34 percent out of a sample of 4,036 patents were transferred after issue, 39 percent were transferred at issue, and 27 percent were never transferred. The high ratio of patent transfers at issue suggests that many patents were transferred from employed inventors to their employers.
Censoring is a final drawback of our data. Patent transfer data were not published for the years after 1913. Consequently, statements regarding the fraction of patents issued during a year and transferred later on are downward biased for all patents granted from 1899 onwards since these patents could have been transferred in or after 1914, since the maximum lifetime of a patent was 15 years. In practice, about 80 percent of all patent transfers were sealed during the first four years after issue. Therefore, censoring becomes problematic for patents issued during and after 1910. In the econometric analysis in Section IV, we address the problem of censoring and the problem of zero-fees during and after World War I by including a yearof-grant fixed effect.
During 1884-87 and 1889-1913, 219 ,513 patents were granted in Germany. Out of those patents, at least 18,135 patents (8.3 percent) were transferred at least once. Therefore, the rate of patent transfers in late 19 th -and early 20 th -century Germany is close to the rate of patent transfers in the U.S. between 1983 and 2002 of 13.5 percent (Serrano, forthcoming) . However, the German patent market was much less liquid than the historical U.S. patent market. Data collected by Lamoreaux and Sokoloff (1999: 26) for a sample of patents issued in 1870/71, 1890/91, and 1910/11 show that 34 percent of the patents were assigned (i.e., transferred) after issue.
Moreover, many German patents were transferred more than once: 2,265 patents were transferred twice, 230 patents were transferred three times, and 27 patents were transferred four times. Therefore, the probability that a patent was transferred twice was larger than the probability that a patent was transferred once (12.5 vs. 8.3 percent). This gives support to one of Serrano's (forthcoming) theoretical propositions and to his empirical results based on data from the late 20 th -century United States. Figure 2 shows the evolution of the number of transactions over time. The total number of transactions carried out during 1884-87 and 1889-1913 was 20,657 . Moreover, at least 505 transactions were accomplished between 1877 and 1883. The number of patent transfers fluctuated around 300 per annum until 1893. Thereafter, the number of annual transactions increased substantially, surpassing 1,000 in 1904. The number of transfers peaked in 1911 with 1,607 transactions. The number of patent transfers did not only increase in absolute terms, but also in relation to the number of patents in force. The transfer rate -i.e., the number of transferred patents divided by the number of patents in force during a year -fluctuated between 1.8 and 2.3 percent until 1893. Thereafter, the ratio was always higher than 2.4 percent, with a peak of 3.8 percent in 1904. Most patents were transferred during the early phase of its existence, see Figure 3 : 30.9 percent of all transfers were registered during the first year after issue, 21.6 percent of all transfers were registered during the second year after issue, and 15.9 percent of all transfers were registered during the third year after issue. Thus, 68.4 percent of all transfers were registered during the first three years after issue of the patent. At least two arguments can be put forward to explain this finding. First, the patent law dictated that all patents had to be put into use within three years after issue. Consequently, inventors without capacities to use a patent themselves -for example individual inventors or university professors -had a strong incentive to sell it within the first three years after issue. Second, Serrano's (forthcoming) model predicts that the trading probability of a patent is declining in its age, since the number of years with patent protection and therefore the expected present value of the monopoly rent is declining in the age of the patent. Consequently, if a patent has an economic value, it should be put into use as early as possible.
Furthermore, the number of patents traded was clustered in few technology classes: 11 more than 22 percent of all transfers were registered in the four most active technology classes.
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The This finding is similar to the modern U.S., where Serrano (forthcoming) found a high trading activity in drugs and pharmaceuticals and a low trading activity in mechanical engineering. Moreover, similar findings are a standard result for empirical investigations of the licensing market (Anand and Khanna, 2000) . Moreover, historical patent transfer data from Germany show that the average value of transferred patents was higher than the value of non-transferred patents (see Figure 4 ). On average, patents granted between 1891 and 1913 had an average lifetime of 4.6 years, whereas patents granted and transferred during this period had an average lifetime of 7.7 years. Thus, the average lifetime of transferred patents was about two-thirds higher than the lifetime of the average patent. Now, we turn to the participants in patent transfers (Table 1 , Panel A). For a sub-sample of 4,025 patents, the name of the original patent owner was collected to find out whether a patent was issued to a firm or an individual. If two individuals or two firms involved in the two sides of the patent transfer bear the same name, we coded such a transaction as changes in legal form or inheritance. It turned out that 31 percent of all patents were transferred from individual inventors to 'established' firms, not bearing the name of the individual inventor; 22 percent to other individuals with a different family name, 6 percent to individuals bearing the same family name, and 8 percent to a firm bearing the name of the individual. This latter type of transfer was classified as 'entrepreneurial'. The remaining transferred patents originated in firms and were transferred to other firms (15 percent), to individuals (9 percent), and to a firm with the same name, but different legal form (9 percent). In summary, we observe a substantial transfer of patents from individual inventors to firms. Moreover, only one-third of all transferred patents originated from firms, but two-thirds of all transferred patents ended-up in firms. This finding is similar to a result derived by Lamoreaux / Sokoloff (1999: 32) using U.S. data for 1870/ 71, 1890/ 91, and 1910/ 11. In the U.S., all patents were issued to individuals, but 39 percent of all transfers of patents after issue were transfers from individuals to firms.
In addition, we collected information about the names of firms and persons offering and receiving patents in 1,515 second-order transfers, i.e., the transfer of a patent which was already transferred before (Table 1 , Panel B). The second round of transfers is more clearly dominated by firms: 63 percent of these patents originated in firms (compared to 33 percent in the first round) and 70 percent ended up in firms (compared to 63 percent in the first round). In the second round, 38 percent of transactions are from one firm to another, 12 percent are changes related to changes in the legal form of an enterprise, and 13 percent refer to the transfer of a patent from a firm to an individual. Individuals, on the other hand, transferred patents to established firms (17 percent), to entrepreneurial firms (3 percent), to other individuals (13 percent), or as an inheritance (4 percent).
In Table 2 , we track the structure of transactions over time by breaking the whole period into three equally long sub-periods: 1884-1893 ( 
IV. Econometric evaluation
The microeconomic patent transfer model proposed by Serrano (forthcoming) offers several hypotheses that can be confronted with the available historical data. Serrano extends the seminal patent renewal model proposed by Schankerman and Pakes (1986) . In their model, the owner of a patent is faced with the choice between renewing and not renewing the patent for another period of protection. Extending the protection comes at the cost of the renewal fee, whereas not extending the protection implies forgoing potential future monopoly profits. A patent owner will extend the protection if the expected return is higher than the fees. Serrano extends this model by a third dimension: selling the patent to another person. Obviously, the buyer of the patent must differ in some respect form the seller of the patent, i.e., by having different expectations regarding the future profits or by owning different complementary assets to exploit the patent. A main prediction of this model is a negative relationship between the age of a patent and its trading probability. Intuitively, a newer patent offers a longer period of monopoly protection and should thus be more valuable on average. In addition, a classical lemons problem could occur on the patent market: why should an inventor sell a valuable patent instead of exploiting it himself? Thus, only lemons might be offered by inventors and the patent market might break down. Serrano highlights one signalling mechanism to prevent market breakdown: a patent that was traded before was already screened by the market and should consequently have a higher quality than the average patent. In a way, however, this is a circular argument, since the second buyer of the patent might question the quality of a patent first acquired and then again sold by the first buyer.
We asses if the central assumption of Serrano's model is reflected in our historical data: are patents transferred to economic actors having better complementary assets to exploit the patent than the original owner? Since the set of complementary assets is unobserved, we make the additional assumption that firms have better complementary assets than individual inventors. Consequently, patents should be transferred from individual inventors to firms. We have presented evidence supporting this assumption in Tables 1 and 2 . Moreover, firms might also transfer patents to other firms having better complementary assets resulting in a higher option value of the patent. In addition, a central prediction of Serrano's model is the positive signal of a past patent transfer: transferred patents were screened and the positive result of the screening process is a signal of the high quality of a patent.
To start with, we investigate the determinants of the probability of a patent being transferred at all. According to Serrano's model, more valuable patents and patents issued to agents lacking complementary assets to exploit the patent should be more likely to be transferred. 13 Yet, a key variable, i.e., the value of a patent, is not known ex ante. Thus, we assume that all agents have 13 Similar investigations based on modern or historical data are unavailable. Khan (2005: 156) provides a probit estimation of the probability of a patent being assigned at issue, whereas we investigate the probability of a patent being assigned after issue.
correct expectations over the patent value and that the true patent value is reflected in the cumulated patent fees paid during the lifetime of a patent. Table 3 presents the results of a standard probit regression using a five percent random sample of all patents granted in 1890, 1900, and 1910 . The dependent variable is a zero-one coded dummy variable taking the value of one if a patent was transferred during its lifespan and zero otherwise. Explanatory variables are the log of the cumulated patent fees paid over the lifetime of a patent; a dummy variable taking the value of one if the patent was granted to an individual inventor; a dummy variable taking the value of one if the patent was granted to more than one patentee (joint-patenting); a dummy variable taking the value of one if the patent was granted to a foreigner; a dummy variable taking the value of one if the patent was transferred during the third year of its existence; and dummy variables for each of the three cross-sections (1890, 1900, 1910) . We expect that more valuable patents have a higher probability of being transferred. Furthermore, the German patent law prescribed the application of a patent within three years after grant. Thus, we expect a significantly higher transfer probability of patents during their third year of existence. Moreover, from the construction of the data, we expect a significantly lower trading probability for patents granted in 1900 and especially for those granted in 1910 since transfers are only registered until 1913.
The results presented in Table 3 show that our econometric specification explains about 18.5 percent of the variation in the data and that close to 95 percent of the outcomes are correctly predicted. We find that more valuable patents have a higher transfer probability. An increase of the (correctly expected) patent value of one percent increases the probability of a patent being transferred by about 0.022 percent. Thus, the marginal effect has the correct sign and is statistically significant. However, the marginal effect is small, even if the jumps of the cumulated patent fees are large in percentage terms. For example, extending the patent protection from the third to the fourth year of protection increases the cumulated fees from 200 Mark to 350 Mark, i.e., by 75 percent. Thus, the probability of patent transfer increases by about 1.7 percent.
In contrast to our expectations, a patent granted to an individual inventor does not have a significantly higher transfer probability. In addition, the fact that a patent was issued to more than one patentee or to a foreigner did not affect the transfer probability. Finally -and as expected -patents issued in 1910 have a significantly lower transfer probability. This is, however, induced by the construction of the data and not by economic fundamentals.
Regression equations (1) and (2) formalize other basic insights of Serrano's model. Regressions (1) and (2) and the results presented in Tables 4 and 5 are based on information about transferred patents only. The dependent variable in regressions (1) and (2) is a measure of patent value. More specifically, we employ the amount of patent fees paid after the transfer of a patent as a proxy for its value.
14 If a patent has a value for the acquiring agent, the agent will be willing to pay the patent fees to get monopoly profits or to keep the option for future monopoly profits.
A set of patent-specific dummy variables is used on the right-hand side of the regression. Dummy variables indicating if the transfer was firm-to-firm, firm-to-private, private-to-firm or entrepreneurial are used. From theory, we expect that patents transferred from an individual inventor to a firm or from one firm to another firm have a higher value than the average transferred patent since the patent should be transferred to an agent possessing better complementary assets. Thus, we expect a significantly positive regression coefficient. In addition, we expect that the coefficient related to an inheritance transfer is insignificant since this transfer is not motivated by an economic cause. On the other hand, patents transferred in course of the change of the legal type of enterprise should have a significantly higher value since the new type of enterprise typically has better economic characteristics, e.g., limited liability or easier access to finance. Moreover, we look at the geographic, cultural, and legal distance between the two parties by including a dummy variable taking the value of one if the patent was transferred to a foreign agent. Furthermore, we account for the overall legal security of patents by including the number of patent cases put to the courts during the year of transfer per 1,000 valid patents as an explanatory variable. A high number of court cases could indicate insecurity of patent rights and should thus have a negative impact of the value of transferred patents. Equations (1) and (2) show the regression equations:
14 Using the total cumulated fees, i.e., fees paid before and after the transfer, does not change the results. In equations (1) and (2), V i is a the amount of patent fees in Marks paid for patent i after the transfer. The vector of coefficients to be estimated using OLS (the fixed effects models) or GLS (the random effects models) is denoted by b' and β', respectively. The vector x i of explanatory variables includes the above mentioned patent specific dummy variables. Moreover, δ and γ measure the effect of the number of patent court cases during the period t of the patent transfer. The normally distributed error terms ε i,t and ρ i,t should be uncorrelated with the other righthand-side variables; otherwise, an instrumental variables estimator would be appropriate.
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Equation (1) is a standard random effects estimator with an overall constant term a 0 and a technology-group specific disturbance term u k . Equation (2) is a two-factor fixed effects model with an overall constant α 0 , a technology group specific fixed effect µ i,k and a year-of-grant specific fixed effect λ i,τ . Table 4 displays the results of the regressions based on 4,014 observations of patents granted and transferred one time between 1884 and 1913 is employed. The regression results shows that our estimation approach yields a jointly significant result and explains about 37.6 percent of the variation in the data. Moreover, a Hausman test rejects the random effects model in favour of a fixed effects model. In addition, unreported likelihood ratio tests and F-tests show that a twofactor fixed effects model is superior to one-way fixed effects models or simple OLS without technology-and / or period specific fixed effects. Consequently, our interpretation focuses on the two-way fixed effects model.
A regression of the residuals of equations (1) and (2) on the explanatory variables of these regressions shows that the residuals and the right-hand side variables are uncorrelated. This suggests that an instrumental variables estimator is not necessary and that the coefficients are unbiased and consistent. The constant shows that 1,184 Marks were paid as patent fees after the transfer for the average transferred patent. As expected from theory, if a patent was transferred from a firm to another firm or if a patent was transferred from an individual to a firm, another 379 Marks and 222 Marks, respectively, were paid. Patents were transferred to economic agents possessing better complementary assets to exploit the patent and this resulted into higher fee payments to keep up the monopoly option. Moreover, valuable patents were transferred if a firm changed its legal form or if an individual transferred a patent to a newly-established, entrepreneurial, firm. In the former case, 342 Marks were additionally paid as patent fees; in the latter case the additional amount of fees was 393 Marks. Moreover, a high ratio of court decisions regarding patent infringements during the year of transfer are correlated with lower patent fees paid for patents transferred during this year. This suggests that insecurity about property rights negatively affected the willingness to pay fees after the transfer. In addition, if a patent was transferred as an inheritance, the cumulated fees paid after inheritance were significantly lower than for the average transferred patent. This could indicate that the patent had no economic value and was only kept by the inventor out of curiosity. Finally, transfers to foreign owners and transfers from firms to individuals do not differ from the average patent transferred.
In Table 5 , we test one of Serrano's main propositions, i.e. that the first transfer of a patent is a positive signal for the patent value. Consequently, patents that were transferred more than one time should have a higher value than patents that were only transferred once. We assess this hypothesis by adding a dummy variable taking the value of one if a patent was transferred more than one time. Furthermore, Serrano implicitly assumes that the screening of the buyer during the first round is the source of the positive signal. We test if different types of first-round transfers affect the screening quality by generating a set of interaction effects, i.e., we multiply the double transfer dummy with the dummies for firm-to-firm, firm-to-private etc. transfers. The results do not support Serrano's signalling theory. The dummy variable "Patent was transferred twice" is statistically insignificant and slightly negative. Moreover, all interaction effects are insignificant. On the other hand, the additional variables do not affect the point estimates for the variables included into our baseline specification (see Table 4 ). Thus, we cannot confirm that twice transferred patents were significantly more valuable than patents that were transferred only once. 
V. Conclusion
After the enactment of the first unified German patent law in 1877, a substantial number of patents were transferred. Between 1884 and 1913, more than 18,000 patents were transferred at least once. This equals about 8.3 percent of all patents issued during this period. Consequently, the fraction of German patents transferred at the turn of the 20 th century was substantially smaller than the fraction of U.S. patents transferred during the same era, but nearly as high as in today's United States. In Germany, about two-thirds of the patent transfers were sealed during the first three years after issue of a patent and the patents transferred were -on average -substantially more valuable than the average patent issued in Germany during that period: the average lifetime of a transferred patent was about 7.7 years, whereas the mean lifetime of all patents was only 4.6 years. During the 1880s transfers from individual inventors to firms dominated, whereas later on firm-to-firm transactions dominated. Therefore, we observe -like in the United States during the same period -the decline of the Schumpeterian individual inventor.
Furthermore, we can partly support Serrano's (forthcoming) patent transfer model. On the one hand, we show that transferred patents were more valuable than the average patent and that patents were often transferred to agents who were more likely in the possession of better complementary assets. Moreover, we show that the probability that a patent was transferred at all wasslightly -increasing in its value. On the other hand, the first patent transfer cannot be taken as a positive signal for the quality of a patent, since the average quality of patents transferred only once and those transferred more than once was identical.
In summary, the emergence of patent transfers during the late 19 th -and early 20 th -century in Germany should have improved the allocation of technical knowledge in the economy. Consequently, the establishment of sound intellectual property rights in 1877 might have contributed to the rise of the modern industries forming the core of Germany's second industrial revolution at the turn of the 20 th century. Yet, this speculative hypothesis is left for future research based on the extensive data set described in the current article.
